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Abstr a ct
T heimpo rta nce ofatm osphe ric c o rrectio nofthe A V H RR dataforgr e e n v egetatio n c ov er
estim al:ion using the vegetation indic e sis e x a min ed fo r a study ar e ain Mongolia.
Atm o s.phe ric c o rre ctio n s u slng
.6 S' progr a m w e re applied to Cha n n el la nd Cha n n el 2
data. The･re suJts w e re xpre ssed as the diffe ren ce betw e e n co rre cted a nd u n c o rr e cted
reflectanc e s. The c orr ection s ofthe Cha n n ef 1and C ha n nel 2r e s ultedthat m a xim um
diffe ren ce be t w e en c o rr e cted a nd u nco rre cted N D VIw as abo ut0.1 8 in high v egetated
a re a. 1ndesertandsemi-de sert a rea,the cha nge ofthe
LN D VIw as abo ut0.0 6.
1.[ntrodu ctio n
The m el:hodologyofthe e stim ate perce nt vegetatio n c ov e rde v eJopedbythe a utho rsis ba s ed on
the■calc ulatjngthe VIsderiv ed fr om ChaLn ne1 1a nd Cha n n e一2 qftheN O A A / A V H RR. Ho w e ver, visib一e
a nd ne a r-infra r ed radiation reaching the s ateJ[ite is diffe rential(y sc atte r ed a nd absorbed by
atm o sphe ric c ompone nts. Co mpens atio nfor atm ospheric effe ct:sis impo rta nt whe nN O A A A V HRR
data us ed for v egetation rnonito ring. T his is･speciallytrue whe n spe ctral vegetation indice s a re
u s ed fro m a ridand s emi-arida r e a s(Ta n r e et. a1 1992). T he m ode stgre e n vegetatio n sign aJfrom
the s e a re a sis pote ntia”y gr eatly c o mpro mis ed by al: m o Sphe ric effects. The prin cipaJ s ou rc e s of
atm o spheric effe cts in A V H RRcha n n el 1a nd cha nhe1 2 data a r efrc-m differential m olec u[ar
s c at te ring, ae ro s olS catte ring, ozon e abs o rptio n. a nd w aterv apo rabsorptio n, ofte n c o mprl Cated by
vie wing ge om etry a nd il[u minatio n･ T he s e effe cts are highly v ariable, a nd at tim es are
co mpe n s ating(Tan r e et. a1 199 2). T he atm o sphe ric effe cts cha nge n ot o nLy the sign al a mplitude,
but als o its spe ctra一 chara cteristics. Ther efo re, the m e a sur ed sign al m u st be co r e cted for
atm o sphe ric effects. ]n I:he study atm ospherjc corr e ction w e r eapplied to A VH RR Channel 1and
Cha nnel 2 fo rthe effe cts of rn o[e c ula r abs orptio n and RayJiegh ?c atte r, aeros ol sc atter a nd
abs o rptJ
L
o n
, and w ate r v apo rabsorption,
2. Methodolo⊆ly
2･l De s c riptio n ofthe atm o sphe ric c o rre ctio n m ethod
The V[s which a re used in this s t udy, ar ecalculated fr om spe ctr alrefle cta n c e v ahJ eS Ofcha nnef
1 a nd cha n n e1 2ofthe A V H RRatgrDu ndsurfa ce fS(LL) (Figur e1). T he ps(入L) c a nbe w ritte nby
the ratio betw ee nthe spe ctralradiatio n refle cted bythe s u rfa c eto wa rds the s ate”ite a nd the
in cident s ola r spe ctralirradia n ce at s urfac eas :
ps(入L) - T E. Ls(入L)/ Eg(入L) (l)
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whe re Ls(A) - sp?ctraJr adia n ce refle cted by surfa cein spe ctralchann eli(i=1,2)
Eg(入L)- s olar spe ctra=rradia n c eat surfa ce
Eg(LL) = Es(入L)＋ S(LL) (2)
whe re Eg(入L) - dir ect sola rirradia n ce
S(LL) - Skyright
Re c o rded bythe s e n so r spe ctralradia n ce L(九L)is calcurated a s:
L(LL) = Lp(入L)＋ Ls(LL) I(九L) (3)
whe re Lp(LL)- Path radia nc e
･(LL) ぺ r a n smitta n c eof
.
the solar radiatio ninthe atm ospher e
Solving equ atJ
-
o n(4)fo rLs(九L)give s
Ls(LL) = (L(入L) - Lp(LL))/T(LL) (4)
Substituting equ atio n(4)in equ atio n(1)giv es the e xpre s sion fo rps(入L) Which aJlow s us t.
calc u[ate atm o sphericallyc orre ctedr efle ctan c ea s:
ps(入L)= 7r . (L(九L) - Lp(入L))/T(入L) . Eg(入L) (5)
SU N
A VE R RS E N SO R
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Figu rel･ Sche m eofatm osphe ric radiant e ne rgyinter a ction.
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2.～ Corr e ctio n m ethod
Thete r m sin the rightha nd side ofequati占n(s)w ere c alc ulated by I.6 S‖ progra m(Ve r m ote
et al. 1 9 9 7). T he m a n u al nd so urc e c ode of the 6Spa ckage w e re obtained by FTP fr om
ftp://kratm o s.gsfc. na s a.go v/6Sdirectory a nd c o mpiled in S U N SP A RCsyste m･ The gen eral flow
chartfor the 6Sprogr a mis sho w nin Figure 2.
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Ge o m etric c onditio ns(lG E O M- in 6 S inputJist)
Theincident a nd viewing c onditions a re a s u s u ally del:er min ed bythe zenithand azim uth a ngles. In
this ap pro ach c olu m nnu mber ofthe pixel,longitude a nd obse rvatio n1:im e, lo ngitude and ove rpa s s
hou r at asc endant n ode at equ a tor w e re
■ nt ereda sinputpa r a m et rs ofge o m etric c o nditio n s. The6S
progra m c alc uJates ze nith and a zim uth a ngle s二
Atm o spheric m od.
eI(lD A T M)
The atm o sphe ric m ode一is r equir ed to co mpute the gas e o u s abs orptio n a nd the Rayleigh
c o mpo n e nt. 1n o u r c a s e, altitude, pr ess u re, te mpe r atu r e, w ater v apo ra nd o z one w e re e nte red.
Ae ｢os ol m ode川A ER)
Ae rosolm odelis requir eto c o mpute a e ro slscatte ring c o mpo n e nt. [n this appro a ch, c on tine nta一
rTIOdelw a s s elecfed･
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Ae ros ol m odel- c onc entratio n(V)
The a e ros o一c o ntent a nd optic aLpa r a m et rsa r erequired forthe c aJcuJat:ion ofthe
■
atm o spherl
L
c
fu n ctio ns. lnthe study opticalthickness atthe refe r e nce w a v elength 5 5O .n rTI Were entered. T his
data w a s m e a s ured a nd c oJle cted du ringthefieJdc ompaign by profess o r17ika m ur a(CEReS, Chiba
UnJ
'
v e r sity).
Spe ctraJc ondil:io ns(lWA VE)
To pe rfor m the spe ctraJ integral:io n, the use rc a ndefhe his or he r ow n spectral c ondition s.
･Ho w eve r, 1:he spe ctra一ba nds of diffe re ntinstru m ents have bee n ente red 紬the c ode, therefo re,
cha n n el1a nd chan nel 2of N O AAll 4 A V H R Rw e re dire ctlys e)e ct ed.
Gro u n.dreflectan c etype(lH O M O)
He re, gro und refle cta n c etype w as c o n sidered a sho m oge n eou ss urfa c e.
Giv e nthis set ofco nditio n s, the 6 Sprogram co mputes apparentrefle ctanc e v alue .
Co rre ctio n oflarge nu mber ofpix eLs using6 Spr ogra mis co mptlC ated be c aus ein e a ch step
ofthe c alculation, the u s e r sho u[denter J nPut C Onditionsfor e achpix elis to
-be c orre cted. The 6S
pr ogr am w a sde v eloped fo r m o stgen er alc ase ofthe u se a ndthe u serc a
.
∩ m odifyforhis 9rher ow n
specific pr opo s e, Taking ac count abov e m e ntio n edpoint of vie w, a uthor adopted 6Sc odefor M 洪A
AV H RR data c o rre ctio n. Main Principe ofthe ap pro achisbas ed o nthefo”o wing schem e:
l.
■
Dete rmJ
'
nation of 一oc atio n ofthe m apped im age o nthe o riginaJim age(Tab一e1 a nd Figure 3),
Tl - Start tim eofthe s atellite obser v ation
T2 - St a rt tim e ofthe s ateF)ite obs erv ationfo rm ap ped im age
T3 I e nd ofthe s ate)rite obs erv atio ntim efo r m ap ped im age
L2, L3 - line nu mbe r ofthe mappedim agein o rjginalim age
Cl, C2 I C Olu m nn u mber
■
ofthe n ap ped im agein origin alim a･ge.
辿 巨至5空室垣江垣L玉垣+垂望三重im age s･
N 49 68 03 6 N 49 6 81Z O6
Tl(ho u r. …in . see)
T2(hou r. min . s e e)
Lz
L3
6.4 7.5 9,973
6.5 乙1 4,65_9
1 5 2 8
26 2 9
6. 50.43,1 40
6.S S, O Z,30 6
15 5 5
2619
C1 90 Z 84 S
Cz 1 26 107
Z. Thefin es a nd c olu mn s ofthe m apped ar e a a r enot parallelto orJgln alim age s. ln the c a se ofthe
im age s u s ed in the study, the n apped ar ea arelo c ated inthe ongln白rim age s as sho w nin Figu re 3.
Forthe dete r mining ofc olum n and lin e nurTlbe r ofthe pixels are to be c o rre cted , the ar ea which
in clude s the mapped a r ea, w e re s ele cted(co rr ecl:io n areafo r
”6S.Pin Figure 3) o n the originaJ
im age s.
- 81 -
3, Sin c epr o ces sing of
'16 S''forpixelby pixe一 n eeds too m uch co mputing tim e, e ach step ofthe
c o r rection w as c arried o utfo rtheiegion of5by 5 pixels(Figu re 3)and fo re ach bo xe sof 5X5
pix els 6 Sprogr am calculates o nly o ne set co rrection coeffic
‾
en ts x a, xb, xc, and?so[(Output of
･n6 Sf●in Figure 3),
x a.xb,x c - c orrectio nco effic e ntsfo r the s ele ctedpixefs
asof- sola r zenitha ngJe caJc ulated by6 S forthe s eLe ctedpixe)s･
Figu re4 sho w sthe aLgo rithm ofthe calc u[atio nfor xa, xb, xc, a nd a s ol･
Here
,
i
.j- c olu m n and line n u mbe r of1: c o rrection a re a･
htu - ho u rofthe satellite obs e r v atio nfo rthej- th Lin e.
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Figu r e3. Sche m e ofthe sele ction ofc orr e ctio n a r e afo r6Sprogra m and c alc ulatio n ofthe
c o r rectibn c o effic e nts.
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4. 6Sprogr a m c o mpute s and r e s ults tw o o utfiles of c o rre ction c o effic e nts forC ha n n e一I and
channel 21 Nextstepisto at mospheric c o rrectio n ofchan nd dal:a uslngthe c orre ctio n c o effic ents.
Here, refle cta n c早 Va[ues ofCha nn e一1 andCha n nel 2(chland ch 2), sola rze nith a ng一e(a sol_ sd) of
the m apped im age
l
s pIX e[s calculat ed by
. 'PaN D A” pa ckage, a ndthefile s ofcorre ctio n c oeffic en ts
wereinput to c alcuLating program writte n bya uthor･ T he calculatio n algo rithm ofthe c orrectio n
c oeffic entsfo rthe co rre ctio n a r e ais pre sentedJ
-
n Figu re 5. W here m a nd n are nu mber ofthe
p-xe[s a nd lin e ofthe co rre ction a re a･
Ca(c ulatio n and input ofge o m etric and
e n vio n m e ntaJ cha ra cte ristic s of the im age
i=≡0; j巳 0;
htu ≡ htu ＋0.0 275
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3. Re s ults
The c o rre ction re sults a r epre s ented in Figu re6 a ndthe histogram of C ha n n el data sho wthatlo w
refle ctance sin the red band is r edu c ed by the c o rr ectio n sdu e to the r e m oval ofpath r adiance
ca u sed byRayleigha nd a ero sols c attering･ lt w a sobs e rved inFigur e6that whe n r efle cta n c e ofthe
c ha n nel 1 isless tha n about0.07, the co re ctio nis n egativ e･ W ithin c re a sing r ed r efJe cta n c ethe
m agnitude ofthe c orre ctionis･incre a s cd･ Refle ctanc e s oftheC han n el 2w ere m o stly gre ate rth
a n
o,l du eto higher surfalC erefle cta n ce s･ Relativ ely high su rfac e r eflect an c e s and Lo w Ray]eigh
sc attering of n ea r-infra red radiatio n, m ean thatpathradia nce s w e re一e s sthan s u rfa c e reflecta nc e･
The r efore, it wa snot obse rvedthe dec re a s eofthe r efle ctan c?sin Chan n el 2･ Figu re6 sho w that
thedyna mic ra nge ofthe n e a r-infr ared c orrectio n wa s slgnific a ntlyla rge rtha nit w a sfo rthe r ed
corr ectio n.
After atmo spheric co rre ction of chan ne一data bythe above de scribed m ethodology, N DVIv alu e s
w e re c alc uLated a nd m ade the histogram ･ The c ompa r
l
LSO n the histogra m show that there a re
intrin sic dife r enc e sbetw e e nthe atm o sphe rica”y c o rr e cted and u n c o rre cted N D VIvalu es(Figur e
7)andthe a utho r c onside rthatthis diffe renc eis c aused bythe degr e eof atm o sphehc atte nu atio n･
As C ha n nel la nd Channel 2, the N D V[show ed(Figu re 7) a tende ncyto gre ate rc o re ctions fo r
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higher N D Vl･ T he re s ults sho w that m axim u m v a(u e of1:he unco rre cted 剥1d c o rre cted N D VIw a s
about O･6 2and 0.7 9r e spe ctively.
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Figure6･ Histogra m ofatm o sphe ric aJlyc o rre cted A V H RRCha n n eldata
(a - C han neL l, b - C ha n n e] 2).
Howe v e r, sin c e n umberofthe pixelsha ving･high valu eof N D Vl, w a srelativ elys m al[, jt w a sn ot
p[otted in Figu re 7･ Histogr am ofthe N DVIc alculated fr o mgr o u nd m e a s urem entdatain Mo ngolia
(yokoya m a et. a1 1994)a repr e s ented in Figu re 8. T he c ompa ris o n ofthehistogram oic o rre cted
N D VIwil:hthe histogr a m of1:he gr o u nd m ea s u r ed N D Vl de m o n strate sthat the c orrect:ion r6s uJts
w e re a clos etogr o u ndtruth data.
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4. Co n c山sio n
The atm o spheric effe ctsfo r Cha n n e一1 a nd Chan nel 2of A V H RR data w e r e c o rre cted u slng
'■6S'
l
progr am . T he correctio n s oftheC ha n n el 1and Cha nne[ ～re s ultedthat m axim u mdiffe r enc e
betw ee nc o rre cted a nd unc o rTe Cted N D VIw a sabo ut0.1 8 inhighv egel: ated a re a.1nde se rtand
s e mi-de s ert a re a
,
the change ofthe N D VIw a s aboutO･06･ The re s uJts sho w theimporta nc e ofthe
atm o
.
spheric c o rre ctio ninA V H RRm e as u re m e nts ofs u rfac er eflecta n c e sin v egetatio n m o nitoring･
In su m mary, it c a nbe c onc[uded that acc u r ate a t mo spheric c o rr e ctio nis o n e ofthe m o stimpo rta nt
fa cto rtoimpro ve a naccuracy ofthe e stim al:eofthe v egetatio n characl:e ristic s u slng S atelFitedata
a ndthe u s e ofs atellitedatafo r c o mparis on ofgro u ndtruth data r equire shJ
'
gh a c c u ra cy of
al:m o spheric c orr e ction.
Refere n ces
K OID E, ”., PU REV D O RJ,T S.. a nd Y O K O Y A M A. R” 1 9 9 5, Atm o spheric c o rrectio ns N D Vlin
Mongolia nhigh一a nd byc o nsidering ele v ation effe cts, Pro c e edI
'
ngs ofthe sy71PO Siu m oftheRe m ote
Se n sI
'
ngSo ciety ofJapan, Tokyo Unive r sity, 1 011 1, Ma rch, 1 9 9 5, p p. 1 7 0-1 7 6.
A N RE, D+, HOLBEN, B. N. a nd K A UF M A N, Y. Jリ 1 9 9 2,
Atm o spheric c orre ction algorithm fo rN O A A- V H RRpr odu cts:the ory a nd applicatio n,1EEE Tra n s･
Ge o s ci. Re moteSensing, V O L. 3 0, NO. 2, Z3 1-Z48.
V E R M O TE, E. , T A N R E,D., D EU ZE,J. , L. , HERM A N, M” a nd MO RC RET T E,J” J” 19 9 7,
Us erguide of Se c o nd Sim u[atio n ofthe SateHiteSign a[intheSoJa rSpe ctru m(6S, ve rsion 4.1),
Goddard Spa c eF)ightCe nter, N A S A,ftp://kratTn O S.gSfc. na sa.go v/6S/
V ER M O T E, E. , T A N R E,D” D EU ZEJ ., L. , H ER M A N, ”., a nd M O RC RETT E,J” J., i 9 9 7,
6Sc ode, Godda rd Spa ce FlightCe nter, N A S A,fl:p://kr al:rTIO S.gSfc,n a s a.go v/ 6S/
Y OKOYAM A, R. a nd T SER EN K HU U PU REVD O RJ. , 1 9 9 4, N D Vlin Mo ngorja nhighJa nd de riv ed
fro mgro u ndtruth data a nd N O A A/ A V H RR data, Pro c e edl
l
ngs ofthe sympo sJ
'
u m oftheRem ote Se n sing
So ciety of Japa n, HiroshI
'
m a, Japan, Dece mbe r1 99 4, pp. 4 815 2.
- 86-
